Background {#Sec1}
==========

Invasive ventilation is a potentially harmful intervention in critically ill patients. Ventilation with low tidal volumes prevents harm by avoiding lung overdistension \[[@CR1]\]. The benefit of ventilation with low tidal volumes has clearly been demonstrated in randomized controlled trials (RCTs) in patients with acute respiratory distress syndrome (ARDS) \[[@CR2]\], and has strongly been suggested in studies of intensive care unit (ICU) patients with uninjured lungs \[[@CR3], [@CR4]\]. Ventilation with high positive end-expiratory pressure (PEEP) prevents harm by minimizing repetitive opening and closing of collapsed lung tissue, but could also induce harm as high PEEP may induce overdistension \[[@CR1]\]. The benefit of ventilation with high PEEP was demonstrated in a meta-analysis using individual patient data from RCTs in ARDS patients \[[@CR5]\]. However, benefit was only found in patients with moderate or severe ARDS, while harm was found in patients who were classified as having mild ARDS. Of note, while we remain inconclusive with regard to benefit or harm of PEEP in ICU patients with uninjured lungs \[[@CR6]\], several reports show that high PEEP is increasingly used in ICUs worldwide, and also in patients without ARDS \[[@CR7], [@CR8]\].

The balance between benefit and harm of high PEEP, and actually any level of PEEP, could very well depend on presence and severity of lung injury. In patients with moderate or severe ARDS, in whom large parts of the lungs are collapsed, high PEEP may mainly result in lung recruitment. In patients with mild ARDS, in whom lung collapse is usually less extensive, high PEEP may result in recruitment but at the same time it may induce overdistension. In critically ill patients with uninjured lungs, in whom lung collapse is mostly minimal, high PEEP may only result in overdistension. High PEEP could also have extrapulmonary effects, and also here the balance between benefit and harm could depend on presence and severity of lung injury. High PEEP could affect the blood circulation, as a concomitant rise of the intrathoracic pressure negatively affects the loading conditions of the heart \[[@CR9]\]. When PEEP results in considerable lung recruitment, as can be expected in patients with moderate or severe ARDS, this strategy will reduce afterload of the right side of the heart. However, when PEEP also, or mainly, results in overdistension, as in patients with mild ARDS or in  patients with uninjured lungs, afterload of the right side of the heart actually increases. This all may explain why the benefit of high PEEP seems to depend on ARDS severity \[[@CR5]\], and why high PEEP, compared to low PEEP or no PEEP, seems to have no benefit in ICU patients with uninjured lungs \[[@CR6]\].

Seen the increased use of high PEEP over recent years \[[@CR6], [@CR7], [@CR10]--[@CR50]\] (Fig. [1](#Fig1){ref-type="fig"}) and the continued uncertainty as to whether high PEEP truly benefits ICU patients with uninjured lungs, we decided to perform the "REstricted versus Liberal positive end-expiratory pressure in patients without ARDS (RELAx)" trial. In RELAx we test the hypothesis that low-tidal-volume-ventilation with low PEEP is comparably effective as high PEEP in ICU patients with uninjured lungs.Fig. 1Change in positive end-expiratory pressure (PEEP) in intensive care unit (ICU) and surgical patients over the past years. The practice of PEEP changed remarkably over the last 40 years in ICU patients. As in ICU patients with acute respiratory distress syndrome (ARDS) (red symbols), in ICU patients with uninjured lungs (blue symbols) and in surgery patients (green symbols) high PEEP is increasingly used, despite the lack of evidence. Data are (mean or median) levels of PEEP reported in observational studies, or in the control arms of randomized controlled trials (RCTs) versus the year of start of data collection, or year of publication if the latter was not presented. Abbreviations: *ICU* intensive care unit, *PEEP* positive end-expiratory pressure, *RCTs* randomized controlled trials

Methods {#Sec2}
=======

Trial design {#Sec3}
------------

RELAx is an investigator-initiated, national, multicenter, open, randomized controlled, noninferiority trial in intubated and ventilated adult ICU patients who do not have ARDS and who are expected to need invasive ventilation for at least 24 h. RELAx will be conducted according to the principles of the Declaration of Helsinki as stated in the current version of Fortaleza, Brazil, 2013 \[[@CR51]\], in accordance with the Medical Research Involving Human Subjects Act (WMO) and the International Conference on Harmonization Good Clinical Practice (ICH-GCP) guidelines. The Institutional Review Board of the Academic Medical Center, Amsterdam, the Netherlands, approved the trial protocol (version 3.0, date: 28 July 2017). The trial is registered at [www.clinicaltrials.gov](http://www.clinicaltrials.gov) (NCT03167580).

Patients will be provisionally included under a strategy of deferred consent (see below) and will be randomly assigned to one of the two ventilation strategies described in detail below and presented in Fig. [2](#Fig2){ref-type="fig"}. The Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) 2013 Checklist is provided as Additional file [1](#MOESM1){ref-type="media"}.Fig. 2Consolidated Standards of Reporting Trials (CONSORT) diagram. Abbreviation: *PEEP* positive end-expiratory pressure

Setting {#Sec4}
-------

RELAx is performed in the ICU of 13 centers in the Netherlands: three academic centers (Maastricht University Medical Center in Maastricht, VU Medical Center in Amsterdam, Academic Medical Center in Amsterdam) and ten non-academic centers (Amphia Hospital in Breda, Gelre Hospital in Apeldoorn, Haaglanden Medical Center in The Hague, Haga Hospital in The Hague, Isala Clinics in Zwolle, Onze Lieve Vrouwe Gasthuis in Amsterdam, Rijnstate in Arnhem, Sint Antonius Hospital in Nieuwegein, Spaarne Gasthuis in Haarlem and Hoofddorp and Westfriesgasthuis in Hoorn).

Study population {#Sec5}
----------------

RELAx will enroll consecutive intubated and ventilated ICU patients without ARDS at onset of ventilation who are expected to need invasive ventilation for longer than 24 h. Patients are screened for eligibility and randomized within 1 h after initiation of invasive ventilation, or within 1 h after admission if invasive ventilation started before entering the ICU. Notably, patients who received invasive ventilation for longer than 12 h directly preceding the present ICU admission are excluded from participation. Patients who have ARDS according to the Berlin definition \[[@CR52]\] or severe hypoxemia (PaO~2~/FiO~2~ \< 200 mmHg) are also excluded from participation. Other exclusion criteria are age \< 18 years, ongoing cardiac ischemia due to cardiac infarction and failed revascularization, increased and uncontrollable intracranial pressure (of ≥ 18 mmHg), delayed cerebral ischemia after subarachnoid hemorrhage, necrotizing fasciitis, and severe untreatable anemia such as in case of Jehovah's Witnesses. Patients previously randomized in RELAx or participating in another RCT with the similar clinical endpoint or interventions possibly compromising the primary outcome, patients with suspected or confirmed pregnancy, patients with morbid obesity (Body Mass Index \> 40 kg/m^2^), patients suffering from GOLD classification III or IV chronic obstructive pulmonary disease (COPD), patients with premorbid restrictive pulmonary disease (evidence of chronic interstitial infiltration on chest radiographs), patients in whom pulse oximetry is known to be unreliable (e.g., patients with carbon monoxide poisoning), and patients with a neurologic diagnosis that can prolong duration of mechanical ventilation (e.g., patients with Guillain-Barré syndrome, high spinal cord lesion or amyotrophic lateral sclerosis, multiple sclerosis, or myasthenia gravis) are also excluded.

Randomization and blinding {#Sec6}
--------------------------

Randomization will be performed using a dedicated, password-protected, SSL-encrypted website. Randomization sequence is generated by a dedicated computer randomization software program (ALEA, TenALEA consortium, Amsterdam, the Netherlands) using random block sizes (maximum size of 8). Due to the nature of the investigational treatment, blinding is not possible. All analyses will be performed in a blinded fashion.

Deferred consent {#Sec7}
----------------

For this study, we will include patients using a deferred informed consent since we explicitly want to randomize and accordingly start ventilation within 1 h after start of ventilation, or within 1 h after admission if ventilation was initiated in the emergency or in the operation room. Nevertheless, written informed consent from the legal representative must be obtained as soon as possible thereafter, but never later than 48 h after randomization. If informed consent is not obtained within this time window, or if a legal representative denies participation within this time frame, the patient is excluded and their data will no longer be used.

The ventilation strategies to be compared {#Sec8}
-----------------------------------------

Patients assigned to receive low PEEP start with PEEP at 5 cm H~2~O and with an inspired oxygen fraction (FiO~2~) between 0.21 and 0.6. Every 15 min PEEP is reduced by 1 cm H~2~O, as long as the pulse oximetry reading shows an oxyhemoglobin saturation by pulse oximetry (SpO~2)~ \> 92% or the arterial blood gas shows a PaO~2~ \> 8 kPa (Fig. [3](#Fig3){ref-type="fig"}). Thereafter, ventilation continues with the lowest PEEP at which the SpO~2~ \> 92% or PaO~2~ \> 8 kPa, while using a FiO~2~ of between 0.21 and 0.6. These "down-titrations" of PEEP are allowed as often as wanted, but with a minimum of three per ICU nurse shift. When the SpO~2~ drops below 92% or the PaO~2~ drops below 8 kPa, brief periods of 5 min may be tolerated, first FiO~2~ is increased up to maximum 0.6 before PEEP is increased in steps of 1 cm H~2~O until 5 cm H~2~O. As soon as the patient stabilizes, again PEEP is reduced in steps of 1 cm H~2~O to a minimum 0 cm H~2~O. In case of severe hypoxemia, defined as a drop in SpO~2~ below 88% or a drop in PaO~2~ below 7.3 kPa, common causes, such as a mucus plug requiring pulmonary toilet, should be considered and treated. As a pulmonary rescue, the FiO~2~ is increased up to 1.0 and PEEP is set back at 5 cm H~2~O or more (both to a level left to the discretion of the attending physician). After solving the cause for the drop in SpO~2~ or PaO~2~, PEEP is again "down-titrated", following the same steps as described above. Development of atelectasis, or increases in the amount of atelectasis is not necessarily a reason for increasing PEEP, unless the SpO~2~ drops below 92% or the PaO~2~ drops below 8 kPa, and does not respond to increases in FiO~2~ to maximal 0.6. In case of hemodynamic instability of the patient, meaning that more inotropes and/or vasoactive agents are needed, hemodynamic compromise due to increases in atelectasis could be considered. Then, for a short period of time (e.g., for 1 to 2 h) PEEP can be set at 5 cm H~2~O. After solving the hemodynamic problem, PEEP is again "down-titrated".Fig. 3Flowchart ventilator settings with the two ventilation strategies. Abbreviations: *PEEP* positive end-expiratory pressure, *MV* mechanical ventilation, *PBW* predicted body weight, *RM* recruitment maneuver

For patients assigned to receive high PEEP, PEEP is set at 8 cm H~2~O with a FiO~2~ between 0.21 and 0.6. The goal is not to change PEEP. In particular, in case the SpO~2~ drops below 92% or the PaO~2~ drops below 8 kPa, first FiO~2~ is increased to maximum 0.6 before PEEP is further increased. In case of severe hypoxemia, defined as a drop in SpO~2~ below 88% or a drop in PaO~2~ below 7.3 kPa, common causes, such as a mucus plug requiring pulmonary toilet, can be considered and treated. As pulmonary rescue, the FiO~2~ is increased up to 1.0 to a level left to the discretion of the attending physician, if necessary PEEP can be increased. After solving the cause for the drop in SpO~2~ or the drop in PaO~2,~ FiO~2~ and PEEP are set back. In case of hemodynamic instability of the patient, meaning that more inotropes and/or vasoactive agents are needed, hemodynamic compromise due to increases in overdistension could be considered. Then, for a short period of time (e.g., for 1 to 2 h) PEEP can be set at 5 cm H~2~O. After solving the hemodynamic problem, PEEP is again set back to 8 cm H~2~O.

Oxygenation targets {#Sec9}
-------------------

The oxygenation target ranges for SpO~2~ and PaO~2~ are 92 to 96%, and 8 to 11.5 kPa, respectively \[[@CR53]--[@CR57]\]. Oxygenation will be maintained in the target ranges primarily by adjusting the FiO~2~, which is typically set between 0.21 and 0.6. The oxygenation target is primarily assessed by peripheral saturation (SpO~2~) as measured by pulse oximetry and only in case of unreliable readings the oxygenation will be assessed by the arterial blood oxygen pressure (PaO~2~).

For patients in whom the risk of potentially dangerous hypoxemia could be become unacceptable during the trial (e.g., in patients who develop: ongoing cardiac ischemia due to cardiac infarction and failed revascularization, delayed cerebral ischemia after subarachnoid hemorrhage, increased and uncontrollable intracranial pressure (of ≥18 mmHg), necrotizing fasciitis or severe untreatable anemia such as in case with Jehovah's Witnesses), the target ranges for oxygenation can be increased to SpO~2~ and PaO~2~ of 94 to 96%, and 9 to 11.5 kPa, respectively.

Standard ventilatory management {#Sec10}
-------------------------------

The commonly used ventilator modes (volume controlled ventilation, pressure controlled ventilation, and pressure support ventilation) are highly recommended, but all ventilator modes are allowed as long as they do not automatically adjust PEEP and FiO~2~. Tidal volume size is between 6 and 8 ml/kg predicted body weight (PBW), which is calculated according to the following formula \[[@CR58]\]: 50 + 0.91 × (centimeters of height − 152.4) for men and 45.5 + 0.91 × (centimeters of height − 152.4) for women. The respiratory rate is adjusted to obtain a normal arterial blood pH (7.35 to 7.45). In case of metabolic acidosis or alkalosis, a lower or higher than normal PaCO~2~ can be accepted, which is left to the discretion of the attending physician. Recruitment maneuvers are allowed when deemed necessary, but the decision to perform a recruitment maneuver is also left to the discretion of the attending physician.

Ventilator settings when a patient develops ARDS {#Sec11}
------------------------------------------------

In case a patient develops ARDS, ventilation should be continued according to existing guidelines for patients with ARDS. This at least consists of low tidal volumes (6 ml/kg PBW or lower) and higher PEEP levels (10 cm H~2~O or higher).

Weaning from ventilation {#Sec12}
------------------------

Physicians and nurses test every 8 h whether the patient triggers the ventilator, in order to switch to an assisted mode. During assisted ventilation, readiness for extubation will be assessed every 8 h by lowering the pressure support level stepwise to 5 cm H~2~O. Attending physicians decide to extubate a patient based on general extubation criteria, including adequate patient responsiveness and cooperation, appropriate cough reflex, oxygenation saturation \> 90% with PaO~2~ to FiO~2~ ratio \> 200 mmHg at FiO~2~ ≤ 0.4, and respiratory rate between 8 and 30 breaths per min with no signs of respiratory distress such as marked accessory muscle use, abdominal paradox, diaphoresis or dyspnea. Patients assigned to receive low PEEP are weaned and extubated using the lowest PEEP. Patients assigned to receive high PEEP are weaned and extubated using a PEEP of 8 cm H~2~O. If preferred, PEEP can be set at 5 cm H~2~O for 1 or 2 h directly before extubation, left to discretion of the attending physician.

If a patient is taken *off* mechanical ventilation but subsequently requires additional invasive ventilation within 28 days after randomization, ventilation following the previous assigned PEEP strategy will be restarted.

Tracheostomy {#Sec13}
------------

Tracheostomy is preferably not performed in the first 10 days after intubation. Indications for tracheostomy include expected duration of ventilation \> 14 days, Glasgow Coma Score \< 7 with inadequate swallow or cough reflex or retention of sputum, severe ICU-acquired weakness evaluated by clinical inspection, and repeated respiratory failure after successive extubations.

Standard procedures {#Sec14}
-------------------

Sedation follows the local guidelines for sedation in each participating ICU. In general, these guidelines favor the use of analgo-sedation over hypno-sedation, use of bolus over continuous infusion of sedating agents, and the use of sedation scores.

Nurses determine the level of sedation at least three times per day. The adequacy of sedation in each patient is evaluated using a Richmond Agitation Sedation Scale (RASS) \[[@CR59], [@CR60]\]. A RASS score between − 2 and 0 is seen as adequate sedation. The goals of sedation are to reduce agitation, stress, and fear; to reduce oxygen consumption (heart rate, blood pressure and minute volume are measured continuously); and to reduce physical resistance to, and fear of, daily care and medical examination. Patient comfort is the primary goal.

To prevent nosocomial infections, selective oropharyngeal decontamination (SOD) or selective decontamination of the digestive tract (SDD) is performed in all patients who are expected to need ventilation for longer than 48 h, and/or are expected to stay in ICU for longer than 72 h \[[@CR61]\].

Thrombosis prophylaxis is indicated for all patients who are not treated with anticoagulants; e.g., for therapeutic reasons or systemic prophylaxis because of an implanted device or extra-corporal circulation such as for renal replacement therapy. Thrombosis prophylaxis will be given according to local guidelines.

A fluid balance is targeted at normovolemia and a diuresis of ≥ 0.5 ml/kg/h should be maintained. Crystalloid infusions are preferred over colloid infusions.

A hypocaloric, protein-rich diet (1.2--1.7 g/kg bodyweight per 24 h) is started as soon as possible after ICU admission. Enteral nutrition with a feeding gastric tube is preferred over intravenous feeding. If stomach retention occurs, a duodenal tube can be used if administration of prokinetic drugs is not sufficient, according to local guidelines. When optimal protein intake cannot be reached within 4 days, additional parenteral nutrition can be started.

Follow-up {#Sec15}
---------

Figure [4](#Fig4){ref-type="fig"} shows the schedule of enrollment, interventions, and assessments. On ICU admission and within the first 24 h, demographic and baseline data, as well as data on disease severity are collected. Data collection includes: gender, age, height, weight, reason for ICU admission, reason for ventilation support, cause of respiratory failure, the Acute Physiology And Chronic Health Evaluation (APACHE) II, IV score and/or the SAPS II.Fig. 4Schedule of enrollment, intervention and assessments. Abbreviations: *APACHE* Acute Physiology And Chronic Health Evaluation, *SOFA* Sepsis-related Organ Failure Assessment score. \*Deferred consent, obtained as soon as possible after randomization, but never later than 48 h after randomization

Data on standard of care and clinical outcome variables (described below) are collected on a daily basis every day until day 28, discharge of the ICU or death, whatever comes first. Data on length of stay (LOS) in the ICU and in the hospital, location of the patient (in ICU, hospital, other facility, or home) and life status (alive or deceased) are assessed on days 28 and 90.

The following variables are collected daily: respiratory status; intubation status (if extubated: time of extubation); tracheostomy status (if tracheostomized: time of tracheostomy, and weaning status: intermittent ventilation via tracheostomy or weaned); development of pulmonary complications (ARDS, severe hypoxemia, pneumonia, severe atelectasis, pneumothorax); need for rescue therapies for severe hypoxemia or severe atelectasis (recruitment maneuver, prone positioning, bronchoscopy for opening atelectasis); days with use of hemodynamic support; days with use of sedation and ICU-acquired weakness \[[@CR62]\].

The following mechanical ventilation parameters are collected within 1 h before and 1 h after randomization, and every day at fixed time points until liberation from the ventilator: mode of ventilation, tidal volume, respiratory rate, level of PEEP, FiO~2~, SpO~2~, peak and plateau pressures (volume controlled modes), or maximum airway pressure and level of pressure support above PEEP (pressure controlled modes and pressure support modus) and inspired oxygen fraction.

ICU-related therapy variables to collect daily include: arterial blood gas analysis (once daily), amount and type of infused products including blood products and fluids (crystalloids and colloids), cumulative fluid balance and Sequential Organ Failure Assessment (SOFA) score.

Study endpoints {#Sec16}
---------------

The primary endpoint is the number of ventilator-free days and alive at day 28, defined as the number of days from day 1 to day 28 that the patient is alive and breathes without assistance of the mechanical ventilator. A patient must be free of ventilation for at least 24 consecutive hours to have one ventilator-free day; patients who die or are mechanically ventilated more than 28 days are assigned zero ventilator-free days.

Secondary endpoints include ICU- and hospital length of stay (LOS); ICU-, hospital-, and 90-day mortality; incidence of pulmonary complications: development of ARDS, severe hypoxemia, severe atelectasis, pneumothorax, pneumonia; incidence of rescue strategies for severe hypoxemia or severe atelectasis (recruitment maneuver; prone positioning; bronchoscopy for opening atelectasis); days with use of hemodynamic support; days with use of sedation.

Sample size calculation {#Sec17}
-----------------------

The sample size calculation is focused on demonstrating noninferiority. For this calculation, we estimated the duration of invasive ventilation and the associated coefficient of variation to be 5 and 0.7 days, respectively. This was based on data from two large representative patient cohorts that included patients fulfilling the same inclusion and exclusion criteria of the present trial \[[@CR63], [@CR64]\].

We calculated that a sample size of 890 patients (445 patients per group) would have 80% statistical power to show noninferiority of a low PEEP strategy compared to a high PEEP strategy, using a one-sided 0.05 significance level and a noninferiority margin of 10% of the duration of invasive ventilation, assuming no difference in the number of ventilator-free days between the two randomization groups.

The choice for a margin of 10% (0,5 days) is motivated by what we consider acceptable from a clinical point. Practically, this margin means that an increase of \> 10% in the duration of mechanical ventilation will reduce the number of ventilator-free days and alive at day 28 with \> 12 h (calculated over the expected median duration of mechanical ventilation of 5 days) which will be considered inferior \[[@CR63], [@CR64]\]. The sample size is increased by 10% to correct for dropouts, meaning that a total of 980 patients will be included.

Statistical analysis {#Sec18}
--------------------

The primary endpoint is the number of ventilator-free days and alive at day 28 after ICU admission. The null hypothesis entails that ventilation with low PEEP is inferior by a margin of 10% to ventilation with high PEEP. If the lower bound of the one-sided 95% confidence interval of ventilation with low PEEP does not exceed the 10% margin, the null hypothesis of inferiority is rejected. Depending on the distribution we will use a parametric or nonparametric analysis method to evaluate the confidence interval for the difference between the ventilator-free days of both arms.

The statistical analysis will be based on the intention-to-treat principle. In addition, we will perform a per-protocol analysis to check for robustness of results. The per-protocol group analysis only considers those patients who completed the PEEP titration according to the originally allocated treatment study protocol. In this noninferiority trial, we include a superiority, primary-effect analysis. If the noninferiority criterion is satisfied, a secondary analysis of the primary endpoint for superiority will be conducted. Additionally, time to freedom from mechanical ventilation will be expressed with Kaplan-Meier curves. Differences between both PEEP strategies will be analyzed using the log-rank test.

Regarding secondary endpoints, continuous normally distributed variables will be expressed as frequencies and percentages. Differences between groups in continuous normally distributed variables will be expressed by their means and standard deviations or when not normally distributed, as medians and their interquartile ranges. Categorical variables will be expressed as frequencies and percentages. Differences between groups in continuous variables will be analyzed with Student's *t* test or, if continuous data is not normally distributed, the Mann-Whitney *U* test will be used. Categorical variables will be compared with the chi-squared test or Fisher's exact test, as appropriate. Time-dependent data will be expressed with Kaplan-Meier curves. Statistical significance is considered to be at a *p* value \< 0.05 with a one- or two-sided test, depending on assessment of either noninferiority or superiority. When appropriate, statistical uncertainty will be expressed by 95% confidence levels.

Sub-analyses are planned to investigate the effects of ventilation with low PEEP versus high PEEP in the following pre-specified subgroups on the primary endpoint; patients in obesity subgroups, patients with pulmonary versus non-pulmonary reasons for intubation and mechanical ventilation, and subgroups based on ventilation parameters, including but not restricted to, tidal volume size, respiratory rate, plateau pressure, and level of pressure support.

All statistical analysis will be performed with the R (R Core Team, 2016) software for statistical computing.

Study organization {#Sec19}
------------------

The Steering Committee will provide trial oversight and is composed of the principle investigator, the trial coordinating investigators, the local investigators in the participating ICUs and (inter)national experts of ventilation who contribute to the design and revision of the study protocol. The principle investigator and the trial coordinating investigators are responsible for the daily management of the trial. They provide assistance to the participating sites in trial management, record keepings and data management. Furthermore, trial coordinating investigators will provide training regarding study related procedures for the local staff of the participating centers to improve adherence to the protocol. Local investigators in each site will screen the patients who require mechanical ventilation and check if they are eligible for participation, perform randomization, supervise data collection and ensure adherence to the ICH-GCP guidelines during the trial.

Data management {#Sec20}
---------------

All data are coded using patient identification numbers (PINs). The key is kept at the trial sites in a secure place. The data are transcribed by the local investigators into Research Electronic Data Capture (REDCap) a central GCP-proof, Internet-based electronic Case Report Form (CRF). Recorded data, provided with a code, will be stored securely for 15 years in archives of the Academic Medical Center, Amsterdam, The Netherlands. Data will be accessible only by the principle investigator and representatives of the Inspectorate for Healthcare of the Netherlands.

Monitoring and Safety {#Sec21}
---------------------

An independent monitor is appointed to perform study monitoring. During onsite visits, monitoring will be conducted on the following: progress of the study, rights and well-being of the subjects, completeness and accuracy of the recorded data, verifiability of the recorded data from source documents and compliance with GCP-applicable national regulatory guidelines. Every participating center will be visited shortly after inclusion of the first patients to signalize early aberrant patterns and issues; thereafter, every center will be visited at least once a year.

An independent Data Safety and Monitoring Board (DSMB) watches over the ethics of conducting the study in accordance with the Declaration of Helsinki, monitors safety parameters and the overall conduct of the study. The international DSMB is composed of four independent individuals (I. Martin-Loeches MD PhD, P. Severgnini MD, F. van Haren MD PhD, Prof. A. Artigas MD PhD). The DSMB will meet by conference calls. The first meeting will be scheduled soon after the start of the study, subsequent to this meeting the DSMB will meet every 6 months.

As this study compares two treatment strategies that are used in standard care, additional risks are not expected. Furthermore, the study population consists of critically ill patients, with a high incidence of death or life-threatening events due to the severity of their illness (the hospital mortality in ventilated ICU patients is 21% \[[@CR8]\]). Therefore, secondary endpoints that incorporate ventilation-specific complications will be reported to the Institutional Review Board and the DSMB in a line-listing format every 6 months, per PEEP strategy, but blinded for treatment groups. Any report and/or advice of the DSMB will be send to the sponsor of the study, the Academic Medical Center, Amsterdam, The Netherlands. Should the sponsor decide not to fully implement advices of the DSMB, the sponsor will send the advice to the reviewing Institutional Review Board, including a note to substantiate why (part of) the advice of the DSMB will not be followed.

Amendments {#Sec22}
----------

All substantial amendments will be notified to the Institutional Review Board and to the competent authority. Non-substantial amendments (typing errors and administrative changes) will not be notified to the accredited Institutional Review Board and the competent authority, but will be recorded and filed by the sponsor.

Discussion {#Sec23}
==========

RELAx is the first randomized controlled trial that is sufficiently powered to investigate whether low-tidal-volume-ventilation with low PEEP is noninferior to ventilation with high PEEP with regard to a clinically relevant endpoint in ICU patients with uninjured lungs. Seeing the uncertainty regarding the best level of PEEP in these patients \[[@CR65]\], a well-powered, high-quality trial that focuses on PEEP in this patient cohort is highly needed.

The strengths of RELAx are the large sample size, the multicenter design, and the inclusion of various types of ICU patients. The use of low tidal volumes in both arms allows us to determine the independent effects of the two different PEEP strategies. Other strengths include the use of a strict weaning protocol and the use of local guidelines for sedation and fluid strategies, factors that may all affect duration of invasive ventilation, independent of PEEP. Furthermore, the use of deferred consent allows us to randomize patients as early as possible, meaning that the period of "uncontrolled" ventilation will be minimal.

In the low PEEP group, we opted to use the lowest possible PEEP while maintaining the oxygenation target, assuming that this would avoid or at least minimize lung overdistension, as well as the potential negative effects of PEEP on the systemic circulation \[[@CR9], [@CR66], [@CR67]\]. In the high PEEP group, we choose to use a standard level of PEEP, which is the median PEEP used in these patients \[[@CR68]\]. Of note, the recently finished NEBULAE trial clearly shows that patients with uninjured lungs are indeed ventilated with 8 cm H~2~O of PEEP \[[@CR69]\]. The inclusion and exclusion criteria of the present trial are similar to those used in the NEBULAE trial. Thus, we considered 8 cm H~2~O of PEEP the best level for comparison.

The primary endpoint is the number of ventilator-free days and alive at day 28, a patient-relevant clinical endpoint that is increasingly used in clinical trials of mechanical ventilation \[[@CR69]--[@CR72]\]. This actually is a composite endpoint of duration of ventilation and mortality: the number of ventilator-free days is defined as the number of days a patient is alive and breathes without assistance of a mechanical ventilator during the first 28 days after ICU admission. Patients who died or are ventilated more than 28 days are assigned zero ventilator-free days.

We chose a noninferiority design to compare ventilation with low PEEP to the current standard practice of high PEEP on the primary endpoint. If the noninferiority criterion is satisfied, we will also conduct a superiority analysis for the primary endpoint. Of note, ventilation with low PEEP could be superior to ventilation with high PEEP with regard to the secondary endpoints.

One important limitation of RELAx is that, due the nature of the intervention, blinding is not possible. This is a potential source of bias. However, the weaning process, which directly influences the primary endpoint, stays within the hand of the attending ICU physicians and nurses who have no specific interest in the trial, and all analyses will be performed in a blinded fashion. Secondly, we may run the risk that the two study groups may show insufficient contrast with regard to the level of PEEP used. However, to maximize the difference in PEEP levels between the groups, a minimum of three "down-titrations" of PEEP per nurse shift in the low PEEP arm is emphasized to be performed.

In conclusion, RELAx is an investigator-initiated randomized controlled trial that is adequately powered to test the hypothesis that a ventilation strategy using low PEEP is noninferior compared to one using high PEEP in ICU patients with uninjured lungs with regard to the number of ventilated-free days and alive at day 28.

Trial status {#Sec24}
============

RELAx started recruiting patients in October 2017.

Additional file
===============

 {#Sec25}

Additional file 1:Standard Protocol Items: Recommendations for Interventional Trial (SPIRIT) 2013 Checklist: recommended items to address in a clinical trial protocol and related documents. (PDF 177 kb)

APACHE

:   Acute Physiology And Chronic Health Evaluation

ARDS

:   Acute respiratory distress syndrome

CRF

:   Case report form

DSMB

:   Data Safety and Monitoring Board

GCP

:   Good Clinical Practice

ICH-GCP

:   International Conference on Harmonization -- Good Clinical Practice

ICU

:   Intensive care unit

LOS

:   Length of stay

PBW

:   Predicted body weight

PEEP

:   Positive end-expiratory pressure

PIN

:   Patient identification number

RASS

:   Richmond Agitation Sedation Scale

REDCap

:   Research Electronic Data Capture

SOFA

:   Sequential Organ Failure Assessment

SpO~2~

:   Oxyhemoglobin saturation by pulse oximetry

VFD

:   Ventilator-free days
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